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Fabrication process of the micro-fluxgate sensor
The fabrication of the micro-fluxgate sensor was performed on a circular glass wafer. Fig S1 shows the MEMS-based fabrication process of the micro sensor. The fabrication process is as follows: (a) Cr/Cu seed layer was sputtered on the glass substrate for electroplating, and positive photoresist was spun on the seed layer which was patterned by ultraviolet lithography with the templet of bottom coil. Then, 30 um Cu film was electroplated in the photoresist mold to act as the bottom coil. (b) After the bottom coil was completed, positive photoresist was spun and patterned with the templet of vias. Vertical Cu cylinder was electroplated in the photoresist mold to act as the Cu vias to connect the top coil. (c) Then the seed layer was removed by reactive ion etching after the photoresist was eliminated with acetone. 
Fabrication process of the Au film substrate
The entire fabrication process comprises the following steps (Fig S2) 
SEM characterizations of the superparamagnetic beads
SEM images and EDS analysis was utilized to characterize the structure of the superparamagnetic beads with and without antibody-conjugation. As can be seen from the Fig S3 (a) to (d), no clear difference can be found in the superparamagnetic beads before and after antibody-conjugation, since the huge size difference between the magnetic beads (2.8 um) and the antibodies (several nanometers).
And a similar result can also be found in the EDS analysis due to the antibodies is too small to be distinguished from the SEM characterizations. 
